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Mariesa Crow

infrastructure roots
Evolution of electric power in the United States

T

THE PRODUCTION AND CONSUMPTION of electric energy is one of the
largest economic forces in the United
States. The United States consumes
upwards of 4 billion kWh in electric energy annually and the assets of investorowned companies exceed US$200 billion.
The electric utility industry employs over a
half million people, and this does not
include those who are employed in the
electric power-related manufacturing, consulting, or software development sectors.
These capital and human resources are
dedicated to providing economic and reliable electricity to the country. Without
these dedicated resources, the technological prominence of the United States could
be severely compromised.
Electricity holds a unique place in
the U.S. infrastructure. It is a commodity, a technology, and a necessity. Electric utilities must walk a fine line to
balance each of these aspects. While
electricity is a commodity that may be
bought and sold, it must also be regulated to remain affordable for the general
population. Reliability is continually
balanced against the cost of upgrades
and maintenance. Computers crash,
cars break down, planes are delayed,
and traffic jams occur with increasing
regularity, but electricity is expected to
be available at the flip of a switch on a
24/7 basis. Consider this against the
backdrop that electricity cannot be
stored; it must be generated at the
instant of demand! Electricity, in general, cannot be saved in storage facilities
like many other commodities but must
be produced continually 365 days a
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year to meet the demand regardless of
maintenance schedules, weather, or
other unforeseen events.
This conflict of objectives initially
led to the regulated monopoly structure
that was imposed until very recently. In
the early development of interconnected
systems, it was deemed suitable to
allow a regulated monopoly to develop:
✔ only one set of transmission lines
was required
✔ interconnection and cooperation
improved reliability
✔ regulatory intervention was used
to protect consumers.
The interconnection of regional areas
provides considerable benefits to both utilities and consumers alike. As with many
things, the whole of the electric power system is more than simply the sum of the
individual systems. The primary benefit of
interconnection is diversity in:
✔ time
✔ fuel source
✔ risk and uncertainty.
The interconnection of the national
(and international) grid has developed
over the past century. In the late 1800s,
the first power plants were initially built
for specific purposes and in a specific
place, such as to provide power to steel
mills. Electrification for residential
areas came later. As cities grew, however, it became necessary to provide electricity from several sources, and with
this came the need to synchronize individual units and share the load. As cities
along the east coast became increasingly electrified, the individual systems
began to form regional systems. After
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the infamous 1965 New York blackout,
regional systems began to interconnect
to provide increased reliability. Currently North America consists of five primary interconnected regions:
✔ eastern United States and Canada
✔ western United States and Canada
✔ Quebec
✔ Texas
✔ Mexico.
The systems in eastern and western
United States and Canada are separated
by the Rockies, and the western system
also includes the Baja peninsula of
Mexico. The majority of the system
interties are dc lines such that the various regions do not have to be synchronized for stability purposes.
Diversity in time enables better usage
of existing resources. For example, systems interconnected across time zones will
have load profiles that will peak at different times. Similarly, load profiles will also
vary from north to south in winter and
summer. In the summer, the north can provide electricity to the south to compensate
for heavy air-conditioning loads, whereas,
in the winter, the north is the largest consumer with electric heating. Interconnected systems can coordinate line and plant
maintenance such that sufficient generation and transmission capacity is available
to service both companies’ customers.
Interconnection also provides access
to a variety of generation options. This is
the basis upon which the new deregulated industry is based. Within the United
States, there is a wide variety of generating capability ranging from very large
hydro, coal, and nuclear plants to much
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smaller natural gas and diesel units.
Many of these fuel sources are volatile
and may vary widely in abundance and
cost. Hydropower is plentiful in the
spring and summer from snowmelt, but
tapers off during fall or during sustained
droughts. Natural gas and petroleum
prices rise and fall dramatically with the
political climate. Coal is frequently
dependent on transportation availability
and cost. Fuel availability and cost variance typically do not occur simultaneously across all types of sources;
therefore, interconnected systems can
take advantage of the cheapest option at
any given time by buying and selling
power. For example, a hydro-based
company can sell its excess power to its
neighbor for a profit, and the neighbor
can purchase this power for less than it
would cost to generate the same amount
itself using fossil fuel-based plants.
Risk and uncertainty are also mitigated by the interconnection of systems.
In order to avoid a blackout, each isolated utility (without interconnection)
must have enough capacity in instantaneous reserve (called spinning reserve)
to meet the demand should the largest
generator fail. In many cases, this could
be a considerable percentage of the total
load of a particular system. However, if
systems are interconnected, they can
share in the reserves requirement and
collectively pick up the failed plant’s
portion of the demand until additional
resources can be brought online.
The 1965 New York blackout also
brought about the formation of the
North American Electric Reliability
Council (NERC), which currently consists of ten separate regional councils.
Since its formation in 1968, NERC has
operated to promote system reliability
and security. NERC is a voluntary
organization that depends on reciprocity, utility peer pressure, and the mutual
self-interest of all those involved.
NERC operates as an independent
council that establishes standards to
ensure electric system reliability and
monitors individual system current and
future compliance with these standards.
While interconnection has brought
about considerable advantages to both
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utilities and consumers, it can also provide a challenge. Today, over 150,000
miles of interconnected high-voltage
transmission lines link generators to
load centers. Because electricity propagates through the network very rapidly,
power can be transferred almost instantaneously from one end of the grid to
the other. Under normal operation, this
web of interconnecting transmission
lines makes the grid highly robust and
reliable. However, during stressed conditions, a failure in one location can
quickly propagate across the grid in
complex and dramatic ways, and widespread blackouts may result.
Less severe, but equally costly, is the
increasing challenge of mitigating transmission congestion. This difficulty has
resulted from a number of factors. First
and foremost is the aging of the transmission system infrastructure. The interconnection of regional systems occurred
nearly 50 years ago when the U.S.
demand was only a fraction of what it is
today. Transmission expansion severely
lags that of generation expansion. In the
next decade, the transmission system is
expected to expand by only 6% compared to a 20% expansion in generation.
This is due in part to the reluctance of
utilities to commit the capital required to
expand these facilities but primarily in
part to the reluctance of legislatures to
approve right-of-ways for new transmission corridors.
There is considerable public opposition for both environmental and aesthetic reasons to new transmission. This is
frequently referred to as the NIMBY (not
in my backyard) or BANANA (build
almost nothing anywhere nor anytime)
philosophy. The transmission system is
being forced to operate under conditions
for which it was not originally designed.
Imagine driving a 50-year-old car!
This growth in electricity demand
and new generation coupled with the
lack of investment in new transmission
facilities has allowed transmission congestion bottlenecks to emerge. These
bottlenecks increase electricity costs
and increase the risk of blackouts.
Transmission congestion results
when there is not enough transmission

capacity to accommodate all requests to
ship power over existing lines and maintain adequate safety margins for reliability. The transition to open electric energy
markets is stressing the national transmission grid beyond its design capabilities by imposing hundreds or thousands
of simultaneous transactions upon the
transmission system. As power moves
from seller to buyer, it does not follow
any prearranged “contract path” but
instead takes the path dictated by the
laws of physics, and it will often spread
over multiple paths from generation to
demand. The accumulation of hundreds
or thousands of power transactions has
led to electricity flows that are greater in
size and in different directions than those
for which the transmission system was
originally designed. This has decreased
the operating flexibility of the system to
respond to problems or failures.
Because the existing transmission
was not designed to meet the present
demand, daily transmission constraints
(bottlenecks) increase electricity costs to
consumers and increase the risk of blackouts. Although the U.S. transmission
system facilitates wholesale electricity
markets that lower consumers’ electricity
bills by nearly $13 billion annually,
transmission congestion costs consumers
hundreds of millions of dollars annually.
Not only is electricity a commodity,
it is also a finely engineered product that
is provided to the consumer safely and
reliably. The continued availability of
reliable electricity depends on engineers, policy makers, business people,
and consumers.
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